Early studies of experimental gingivitis showed dental plaque to be the main etiological factor of periodontal disease.\[[@ref1][@ref2]\] These concepts also determined that periodontal treatment should be primarily based on the periodic removal of dental plaque. This would require periodic appointments for maintenance therapy at similar time intervals for all cases.

In the last 20 years, epidemiological studies have shown strong evidence that periodontal disease, defined as the loss of attachment and bone, does not affect all subjects in the same manner.\[[@ref3][@ref4]\] There are subjects and sites of higher risk for disease progression. Furthermore, research has shown that these subjects are a minority of the population and that the majority of bone loss occurs early in life, mainly in the second and third decades.\[[@ref5]\]

As a result of this new knowledge, periodontal research has tried to map risk factors for the detection of sites and individuals with a higher tendency for disease progression. Many diagnostic parameters have been tested to assess periodontal risk, using different risk indicators and resulting in different predictive values of future destructive disease.\[[@ref6][@ref7]\]

The predictive value of a diagnostic test is defined by the Bayes\'s Theorem,\[[@ref8]\] by the mathematical formula:
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Where: ![](JPBS-7-623-g002.jpg) = predictive value (probability of the disease being present if the diagnostic test is positive); ![](JPBS-7-623-g002.jpg) = probability of a positive diagnostic test, if the disease is present. This is the true positive fraction, the sensitivity of the diagnostic test. *P* (D+) = the prevalence of disease, the percentage of disease occurrence in a population. ![](JPBS-7-623-g003.jpg) - probability of a positive diagnostic test, if the disease is not present. This is the false positive fraction of the diagnostic test. *P* (D-) = prevalence of the absence of disease, the percentage of non-diseased subjects in a population. The predictive value is dependent on the quality of the diagnostic test, as well as on the prevalence of the disease in the population. Using the same diagnostic test in two different populations, the first with high and the second with low prevalence of disease, will certainly lead to different predictive values (with a small value in the population with the lowest prevalence).\[[@ref9]\]

Thus, there are strategies to obtain a higher diagnostic predictive value: (a) Increase the sensitivity of the diagnostic test (which is not possible in most cases); (b) increase the prevalence of the disease (assessing previously selected populations with high prevalence); (c) associate different diagnostic tests. The increase of the prevalence of disease can be obtained by the use of successive diagnostic tests to identify subjects or sites with disease activity. This investigation tested parameters that select "*a priori*" sites and subjects potentially at risk, in a cross-sectional study of the population, using a sample with a high prevalence of disease.

Materials and Methods {#sec1-1}
=====================

The computerized data bank used in this study has a complex structure, including general information (address, phone number, etc.), medical evaluation, and clinical data of patients examined by two calibrated examiners in the periodontal clinic of the School of Dentistry of Bauru, University of Sao Paulo. The calibration procedures involved five previous sessions of calibration.

The data from 2273 patients used in this study included the age of the patient when the clinical examination was performed, clinical attachment level loss (CAL), measured in mm from the bottom of the periodontal pocket to the cementoenamel junction at six sites per tooth: Mesiobuccal (MB), center of buccal (CB), distal-buccal (DB), mesiolingual (ML), center of lingual (CL), and distal-lingual (DL).

The computer software divided the sample into 14 age groups, with 5 years intervals, from 11 years of age to more than 75 years of age. For each age group, the software also calculated the clinical chart of medians site by site, according to the following steps: (a) Beginning with the first age group (11--15 years of age), and the DB site of tooth 18 (maxillary right third molar), the software counted all the occurrences in which that measure was not empty, obtaining a Y value, (b) all values of CAL related to this site and age group were organized in increasing order (position 1, position 2, etc.) - The software then divided Y by two, verifying if the number of occurrences was even or odd. If it was even, the following calculation was performed:
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If it was odd, the following calculation was performed:
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\(c\) The median obtained was stored in the site DB of tooth 18 in the Median Clinical Chart, in that age group. The software then performed the calculation of the median of the next site, repeating all processes for the site DL up to tooth 48 (mandibular right third molar), (d) After performing the Median Clinical Chart of one age group, the software calculated the next age group, until all 14 Median Charts were completed.

Another computer software generated the Comparative Severity Clinical Chart of the patient, comparing his/her clinical data with the medians of his/her age group. The following steps were followed: The values of CAL of each site were compared with the corresponding site in the Median Clinical Chart of the relative age group. The result, in percentage, was stored in the fields of Comparative Severity of the patient in the data bank. A hypothetical example is given in [Table 1](#T1){ref-type="table"}.

###### 

Hypothetical example of the comparative severity clinical chart, comparing patient clinical data to the median of the respective age group
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Starting with site DB of tooth 18, compare the CAL value (which in this case is 6 mm) with the relative site in the Median Chart of age group 3 (in this case, 2). The patient value is 4 mm greater than the median, in absolute value. These 4 mm represent double the median or 200% of value 2. Thus, in the comparative severity field it will be stored 200, indicating that the clinical attachment loss of this site exceeded the corresponding median of the age group in 200% of its value.

Following this example, the CB, MB, and DL sites have the same CAL (values 2, 2, and 3 mm) as the values of the Median Chart. Thus, in the comparative severity fields, these sites have the value of 0 (zero), indicating that they are not greater or less than the median for that particular age group.

The site CL has a CAL value of 2 mm, which is 2 mm less than the corresponding value in the Median Chart. This difference represents 50% of the median value.\[[@ref4]\] Thus, in the field of site comparative severity (SCS), this site will have the value - 50, indicating that it is 50% less than the median for the age group. The site ML has 8 mm of CAL, and the median of the age group is 4, with a difference of 4 mm or 100% of the median value, and 100 will be stored in the comparative severity field. The comparison between site ML and site DB shows the importance of working with percentages: In both cases the CAL was 4 mm greater than the median; however this represents 200% more than the median in the DB site, but only 100% more in the ML site. The Comparative Severity Chart of this example is shown in [Table 1](#T1){ref-type="table"}.

After calculating the SCS data, the computer software generated 3 parameters for analysis: P1 = percentage of sites with CAL equal to or greater than 4 mm; P2 = percentage of sites with CAL equal to or greater than 7 mm; P3 = percentage of sites with CAL surpassing the median for the age group by 100% or more (value \>100 in the comparative severity of sites). Parameters 1 and 2 are cut-off lines that have already been used in epidemiologic and clinical research in periodontology. Parameter 3 was the test parameter in this study. It differs from the others by comparing the subject to his/her age group, using the SCS methodology.

The computer software generated a Comparative Severity page in the clinical chart of the patient with the following data: Name of patient, date of birth, values of CAL, values of comparative severity of sites, and parameters of the subject (P1, P2, and P3). It is important to remember that the data of the Comparative Severity page were stored in the data bank designed by the software. These data (median chart and comparative severity of sites) will be automatically recalculated after data from every 500 new patients is stored in the data bank. Finally, the manner in which the parameters of subject analysis (P1, P2, and P3) divided the sample of 2273 patients was observed. The division of the sample by P1 and P2 was compared to that by P3.

Results {#sec1-2}
=======

There was a higher prevalence of females (1466; 64.5%) compared to males (807; 35.5%). [Figure 1](#F1){ref-type="fig"} shows the number of subjects in each age group. Age group 6 (36 to 40 years old) had the greatest number of subjects (358, representing 15.75% of the sample). The sum of age groups 4, 5, 6 and 7 (26--45 years old) totaled more than half of the sample (1293 patients, 56.89% of the sample). These patients represented the subjects who going into the third and fourth decades of life, have intensified or extension of periodontal disease.

![Simple distribution by age groups, in absolute numbers](JPBS-7-623-g007){#F1}

Most of the patients (941, 41.40%) presented values of P1 ranging from 0% to 10%. Only 14.3% of the patients presented P1 \>50%. [Table 2](#T2){ref-type="table"} shows the number of subjects with the different intervals of P1 in each age group. There was a tendency to increasing values of P1 with increasing age. In age group 1 (11--15 years old), more than 85% of the patients had a maximum P1 of 10%, and none of them had a P1 over 50%. In age group 7 (41--45 years old), only 33.8% of the subjects had a P1 ≤10%, and 17.24% presented a P1 over 50%. The great majority of the patients (1929 subjects, comprising 84.87% of the sample) had parameter 2 ≤ 10%. Only 3.26% of the patients had P2 \>30%. [Table 3](#T3){ref-type="table"} shows the number of subjects with the different intervals of P2 in each age group. There was a small increase of P2 with age; however, it was less than the increase observed in P1. For example, in age group 2 (16--20 years old), more than 99% of the patients had P2 ≤10%, and none of them had P2 \>30%; in age group 9 (51--55 years old), the patients with P2 between 0% and 10% represented 76.88%, and only 5.78% of this group had P2 \>30%. The majority of patients (1711 subjects, representing 75.27% of the sample) had parameter 3 values between 0% and 10%. Only 8.84% of the patients had P3 values over 20%, and only 3.39% had values \>30%. [Table 4](#T4){ref-type="table"} shows these numbers in each age group. The tendency to increased P3 with age was smaller than that seen in P2 and P1. In age group 3 (21--25 years old), 82.88% of the patients had P3 values between 0% and 10%, and only 5.86% of the subjects had P3 values above 20%; in age group 10 (56--60 years), 76.29% of the patients still had P3 ≤10%, and only 7.2% of this age group had P3 \>20%.

###### 

Percentage values of parameter 1 (% of sites with attachment loss \>4mm) by number of subjects, in the age groups 1 to 14
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###### 

Percentage values of parameter 2 (% of sites with attachment loss \>7mm) by number of subjects, in the age groups 1 to 14
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###### 

Percentage values of parameter 3 (% of sites with attachment loss surpassing the median value for the age group by 100% or more) by number of subjects, in the age groups 1 to 14
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Discussion {#sec1-3}
==========

The existence of groups with a higher risk for periodontal disease is well known. From the first epidemiologic studies in the 1970\'s, culminating with many studies in the 1980\'s, mainly in African and Asian populations, new concepts concerning the progression of destructive periodontal disease have been established:\[[@ref3][@ref4][@ref10]\] (a) Loss of attachment does not affect all subjects in the same manner; (b) there is no causal relationship between accumulation of plaque and rapid loss of attachment; (c) The most destructive types of disease generally occur early in life, and are concentrated in a minority group of subjects of the population with disease. Systemic risk factors such as tabagism and diseases associated with immunosuppression (AIDS, immunosuppressive drugs, leukocyte deficiencies, etc.),\[[@ref11]\] and local factors, such as probing pocket depth, probing loss of attachment, plaque index, bleeding on probing, gingival redness, dental mobility, and the presence of caries or restorations\[[@ref6][@ref12]\] have been reported. For many years, a majority of dentists have associated the presence of plaque, gingival redness, bleeding on probing and suppuration as a risk for periodontal disease.\[[@ref13][@ref14][@ref15]\] However, these parameters, when tested scientifically, have shown to be of little use to predict future disease activity.\[[@ref11][@ref12]\] The only consistent factors correlated with the bone loss was loss of attachment.\[[@ref16]\]

The models of periodontal disease progression have indicated a nonlinear form, with events of bone loss.\[[@ref17]\] None of the mathematical or statistical models that have been used to describe or predict disease activity are sufficiently precise or complete the biological complexity of periodontal status seems to surpass analysis methodology.\[[@ref18]\]

This study has put together knowledge about the risk for periodontal disease and computerized resources to generate and test a new parameter for selection of a population with a high prevalence for the disease. All sites of the patient were analyzed. The use of partial indexes, such as community periodontal index of treatment need, has shown a tendency to over-evaluate the disease, especially in the youngest individuals because it uses the worst situation in each quadrant.\[[@ref19]\]

This indicates that research for a comparative methodology for analysis of periodontal disease should evaluate all sites, record six sites per tooth, critically evaluate traditional clinical parameters, and associate risk parameters. Thus, this study has tried to establish a comparison method that uses the most reliable clinical parameter, probing loss of attachment, evaluating the subject in relation to the sample population.

The results of P1 and P2 were in agreement with many epidemiological studies\[[@ref3][@ref4][@ref10]\] that point to a prevalence of more destructive periodontal disease up to 20%. An interesting fact is that the prevalence of severe periodontal stages, represented by high values of P2 was very small in all age groups, even though the studied population generally represents an economic and cultural status characterized by low income, poor oral hygiene habits, poor oral health method instructions, and large quantities of dental plaque. These results are also in agreement with the literature,\[[@ref3][@ref4][@ref10][@ref20]\] and reinforce the importance of subject susceptibility for disease progression.

Another important aspect to be considered is that, existing a tendency for increased P1 and P2 values with age, it is difficult to determine a strict cut-off value for diagnostic decision-making criteria. The maximum that could be obtained would be a table, with different cut-off lines for every age group, a method with no practical use for clinicians.

The tendency of increased P3 values with age was smaller than PI and P2 because P3 intrinsically compares the subject with his/her age group. In this way, there is a possibility of determining a single cut-off line, valid for all age groups. The percentages obtained in this study allow us to suggest values of P3 from 10% to 20% as cut-off lines for selecting a population with a high prevalence for the disease. This should be evaluated in future longitudinal studies that may also determine the predictable value of P3 in relation to future loss of attachment. The division of the sample made by P3 tends to be more specific than that made by P1 and P2, because it compares the patient with his/her age group, taking into accounts the intrinsic variations that aging causes in bone loss. The site is not compared with a single value "X" for all subjects, but with the value "Y" that was more prevalent in the specific age group; thus the parameter for comparison is singularized. There is a consensus in research that determining reliable methods, in terms of sensitivity and specificity, to detect patients at risk for periodontal diseases will need the association of different parameters, such as clinical, microbiological, host response, etc., and the analysis of the results using computerized systems to be presented to the clinician. This study was limited to one clinical parameter to select a sample with a high prevalence for the disease. To determine the predictive value of the tested parameters, it will be necessary to perform future longitudinal studies, although the results of this study suggest the possibility of testing P3 for that predictive capacity.
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